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Abstract
In this work we propose to improve the production of active solar still by the use on the one hand, of external and 
internal reflectors in order to increase the rate of received overall solar radiation and on the other hand by using a 
thermal storage tank of in order to feed the still of the hot water for the night period. The input parameters of the 
computer program include the climatic conditions concerning Constantine town, Algeria (36 0  70' N, 6 0  37' E) for 
typical winter , spring and summer days. The results obtained show without ambiguity that the effect of the reflectors 
on the increase in the daily productivity of distillate is very significant for the winter period compared to the summer 
and spring. This increase is about 72.8 % in the winter. In addition it appears clearly that the night production of the 
still increases when this last is coupled with a storage tank out of the sunshine hours. This increase is about 27.54%, 
21 % and 23.28% respectively for winter, spring and summer. 
© 2010 Published by Elsevier Ltd.
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1. Introduction
Today the request of fresh water increases continuously, because of the industrial, agricultural 
development and of the increase in the world population. Only 2.5 % of the water of planet is drinkable, 
which more are distributed in an unequal way the remainder being water salted of the seas and the oceans. 
The problem of the supply drinking water can be solved only by desalination. Nevertheless the cost of the 
majority of the processes of desalination remains still too high Desalination by solar way is possible. The 
solar distillers for purpose of greenhouse are economic in their design what would allow their use large or 
on a small scale. Several types of solar distillers (passive and active) were carried [1]. A many theoretical
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Nomenclature 
 
Symbols 
ܣ         area, ݉ଶ 
ܥ௣        specific heat, ݆Ǥ ݇݃ିଵǤ ݇ିଵ 
݀௪       depth of water mass, ݉ 
ܨோ        collector heat removal factor 
ܩݎ        Grashof number 
݄஼         conduction heat transfer, ݓǤ݉ିଵǤ ݇ିଵ 
݄௏        convection heat transfer, ݓǤ݉ିଶǤ ݇ିଵ 
݄ோ        radiative heat transfer, ݓǤ݉ିଶǤ ݇ିଵ 
݄௘௩        evaporative heat transfer coefficient, ݓǤ݉ିଶǤ ݇ିଵ 
ܫ           solar intensity, ݓǤ݉ିଶ 
ܩ         global solar intensity, ݓǤ݉ିଶ  
݇          thermal conductivity, ݓǤ݉ିଵǤ ݇ିଵ 
ܯ         mass, ݇݃ 
ܰݑ       Nusselt number 
௪ܲ        water saturated partial pressure, ܰǤ݉ିଶ 
௚ܲ        glass saturated partial pressure, ܰǤ݉ିଶ 
ௗܲ        daily productivity, ݇݃Ǥ ݀ܽݕିଵ 
ܲݎ       Prandtl number 
ܴ         thermal resistance  
ܶ         temperature, ݇ 
ݍ          heat exchanged quantities of energy, ݓǤ݉ିଶ 
௅ܷ        heat loss coefficient for collector, ݓǤ݉ିଶǤ ݇ିଵ 
݉௖ሶ        mass flow rate of collector,݇݃Ǥ ݏିଵ   
ܷܣ      loss coefficient area of tank ݓǤ ݇ିଵ 
ݐ          time, ݏ 
 
Greek  
ߜ         thickness, ݉ 
ߙ         absorbtivity 
߬         transmissivity 
ߝ         emissivity 
ߪ        Stephan-Boltzman coefficient, ݓǤ݉ିଶǤ ݇ିସ  
 
Subscript 
ܾ        basin linear 
ܿ        collector 
݃        glass cover 
ݓ       water 
 
and experimental works concerned the passive still. The effect of various parameters on the production of 
a still was examined [2-6]. In addition the coupling the still with a thermal collector also retained the 
attention of many authors [7-9]. Nevertheless the use of solar energy for the production of fresh water 
starting from water salted or brackish remainder strong limited, because of the very weak output stills 
(passive or active). For that the development of solar distillation cannot be made without the 
improvement of the performances of the still. 
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     In this work our interest concerns the numerical simulation of an active solar still improved by the use 
of the reflectors and of a thermal storage tank. The effect of the latter on the daily productivity of the still, 
for three typical days of the year will be examined. 
2. Mathematical model  
The active solar still consist of a single slope single basin solar still integrated with internal and external 
reflectors (fig1.) the thermal model is established by adopting the following assumptions: 
- there is no vapor leakage in the still 
- the temperature gradient in the glass cover and the water is negligible 
- the thermal collector is disconnected from the still out of the sunshine hours 
- the storage tank feed the still for the night period 
- the mode is transitory 
 
 
 
 
 
 
 
 
 
2. 1 The energy balance 
 
a - active solar still and reflectors  
The energy balance equations in the various components of the active still by the application of the first 
law of thermodynamics are: 
 
- glass 
൫ߜߩܥ௣൯௚
߲ ௚ܶ
߲ݐ
൅ ݍ௏ǡ௚ି௔ ൅ ݍோǡ௚ି௖ ൅ ݍ௘௫௧ି௚ ൌ ݍ஼ǡ௚ି௪ ൅ ݍ௏ǡ௩ି௪ ൅ ݍோǡ௚ି௪ሺͳሻ 
 
- water 
൫ߜߩܥ௣൯௪
߲ ௪ܶ
߲ݐ
൅ ݍ௘ǡ௪ି௚ ൅ ݍ௏ǡ௪ି௚ ൅ ݍோǡ௪ି௚ ൅ ݍ௘௫௧ି௪ ൅ ݍ௜௡௧ି௪൅ܳ௎ ൌ ݍ஼ǡ௕ି௪ ൅ ܫ௪ሺʹሻ 
 
- basin 
൫ߜߩܥ௣൯௕
߲ ௕ܶ
߲ݐ
൅ ݍ஼ǡ௕ି௪ ൅ ݍ஼ǡ௕ି௜ ൅ ݍ௘௫௧ି௕ ൅ ݍ௜௡௧ି௕ ൌ ܫ௕ሺ͵ሻ 
 
- isolation 
൫ߜߩܥ௣൯௜
߲ ௜ܶ
߲ݐ
൅ ݍ௏ǡ௜ି௔ ൅ ݍோǡ௜ି௦ ൅ ݍோǡ௪ି௩ ൌ ݍ஼ǡ௜ି௕ሺͶሻ 
 
b ± storage tank  
 
 
Fig. 1: Active solar still with reflectors 
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For the storage tank one uses the stratification model. One divides the tank (according to Beckman et al. 
[10]) in several equal sections and one applies the first law of thermodynamics in each section to obtain 
the energy balance of the sections:   
ܯ௜
݀ ௜ܶ
݀ݐ
ൌ ൬
ܷܣ
ܥ݌
൰
௜
ሺ ௔ܶ െ ௜ܶሻ ൅ ݉௖ሶ ܨ௜௖ሺ ஼ܶ െ ௜ܶሻ ൅ ݉௖ሶ ሺ ௜ܶିଵ െ ௜ܶሻ෍ܨ௝௖
௜ିଵ
௝ୀଵ
൅ ௜ܶିଵ
െ ௜ܶ
ܴ௜ିଵ
൅ ௜ܶାଵ
െ ௜ܶ
ܴ௜
ሺͷሻ 
ܨ௜௖ the control function [10].    
 
2. 2 Evaluation of the heat quantities  
a- External heat transfer 
 
   The heat exchanged quantities between the glass and ambient by convection and between the glass and 
the sky by radiation have as expressions: 
 
ݍ௏ǡ௚ି௔ ൌ ݄௏ǡ௚ି௔൫ ௚ܶ௘ െ ௔ܶ൯ሺ͸ሻ 
ݍோǡ௚ି௖ ൌ ݄ோǡ௚ି௖൫ ௚ܶ௘ െ ௖ܶ൯ሺ͹ሻ 
 
with  [3]:   
݄௏ǡ௚ି௔ ൌ ቐ
ͷǤ͹ ൅ ͵Ǥͺܸ݂݋ݎܸ ൑ ͷ݉Ǥ ݏିଵ
͸Ǥͳͷܸ଴Ǥ଼݂݋ݎܸ ൐ ͷ݉Ǥ ݏିଵ
ሺͺሻ 
 
݄ோǡ௚ି௖ ൌ
ߝ௩ߪ൫ ௚ܶସ െ ௖ܶସ൯
௚ܶ െ ௔ܶ
ሺͻሻ 
 
௖ܶ ൌ ௔ܶ െ ͸ሺͳͲሻ 
 
The heat exchanged quantities between the insulation and ambient by convection and between insulation 
and the ground by radiation are given by the relations: 
 
ݍ௏ǡ௜ି௔ ൌ ݄௏ǡ௜ି௔ሺ ௜ܶ െ ௔ܶሻሺͳͳሻ 
ݍோǡ௜ି௔ ൌ ݄ோǡ௜ି௔ሺ ௜ܶ െ ௔ܶሻሺͳʹሻ 
 
with :  
݄ோǡ௜ି௔ ൌ ߝ௜ߪሺ ௜ܶଶ ൅ ௔ܶଶሻሺ ௜ܶ ൅ ௔ܶሻሺͳ͵ሻ 
 
and    
݄௏ǡ௜ି௔ ൌ ݄௏ǡ௚ି௔ሺͳͶሻ 
 
b-  Internal heat transfer 
The heat quantities defined the heat losses between the water and the glass are respectively: 
 
ݍ௏ǡ௪ି௚ ൌ ݄௏ǡ௪ି௚൫ ௪ܶ െ ௚ܶ൯ሺͳͷሻ 
ݍோǡ௪ି௚ ൌ ݄ோǡ௪ି௚൫ ௪ܶ െ ௚ܶ൯ሺͳ͸ሻ 
ݍ௘ǡ௪ି௚ ൌ ݄௘௩൫ ௪ܶ െ ௚ܶ൯ሺͳ͹ሻ 
 
the heat transfer coefficient by convection is given by the expression [3]: 
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݄௏ǡ௪ି௚ ൌ ͲǤͺͺͶ ቈ൫ ௪ܶ െ ௚ܶ൯ ൅
൫ ௪ܲ െ ௚ܲ൯ ௪ܶ
ʹ͸ͺǤͻͳͲଷ െ ௪ܲ
቉
ଵ
ଷ
ሺͳͺሻ 
 
௚ܲ and ௪ܲthe partial pressures of the vapor at the glass temperature  and the water temperature  [9]: 
 
௚ܲ ൌ ݁ݔ݌ ቆʹͷǤ͵ͳ͹ െ
ͷͳͶͶ
௚ܶ
ቇሺͳͻሻ 
௪ܲ ൌ ݁ݔ݌ ൬ʹͷǤ͵ͳ͹ െ
ͷͳͶͶ
௪ܶ
൰ሺʹͲሻ 
the evaporative heat transfer coefficient is [3]: 
 
݄௘௩ ൌ ͳ͸Ǥʹ͹͸ͳͲିଷ݄௏ǡ௪ି௚
൫ ௪ܲ െ ௚ܲ൯
൫ ௪ܶ െ ௚ܶ൯
ሺʹͳሻ 
 
The heat transfer coefficient of convection between the basin and the water is calculated by the following 
correlations [1]: 
 
݄௏ǡ௕ି௪ ൌ
ܰݑߣ௘
ܮ
ሺʹʹሻ 
 
for  
ܩݎ ൏ ͳͲହǡ ܰݑ ൌ ͳሺʹ͵ሻ 
for  
ͳͲହ ൏ ܩݎ ൏ ʹͳͲ଻ǡ ܰݑ ൌ ͲǤͷͶሺܩݎܲݎሻ଴ǤଶହሺʹͶሻ 
for  
ܩݎ ൐ ʹͳͲ଻ǡ ܰݑ ൌ ͲǤͳͶሺܩݎܲݎሻ଴Ǥଷଷሺʹͷሻ 
 
rate of useful energy from collector [9]:  
 
ܳ௎ ൌ ܣ௖ܨோൣܵ െ ௅ܷ൫ ௙ܶ௘ െ ௔ܶ൯൧ሺʹ͸ሻ 
 
and:  
ܫ௩ ൌ ߙ௩ܩሺʹ͹ሻ 
ܫ௪ ൌ ߬௩ߙ௪ܩሺʹͺሻ 
ܫ௕ ൌ ߬௩߬௪ߙ௪ܩሺʹͻሻ 
 
ݍ௘௫௧ǡ ݍ௜௡௧ are given by H. Tanaka et al.[11] 
 
3. Numerical computation 
 
    The transfer equations discretization is carried out using the finite differences method, the system 
equations is solved by a numerical approach based on the combined gradient method. For the evaluation 
of the operation parameters a computer program is established and developed in Fortran language for the 
resolution of the heat balance equations for different element from still and storage tank.  The input 
parameters of the computer program include the climatic conditions concerning Constantine town, 
Algeria (36 0  70' N, 6 0  37' E) for typical summer, spring and winter days. The parameters thermophysical  
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and of configuration are displayed in the table.1.  The initial temperature of each component of the still 
and the tank is equal to the ambient temperature.  
 
glass basin water isolation 
ߙ௩ ൌ ͲǤͲͷ 
ܣ௩ ൌ ͳǤͶ͸݉ଶ 
݇௩ ൌ ͲǤ͹͵ݓሺ݇Ǥ݉ሻିଵ 
ߜ௩ ൌ ͲǤͲͲͶ݉ 
ߝ௩ ൌ ͲǤͺͺ 
߬௩ ൌ ͲǤ͹ͷ 
ߙ௕ ൌ ͲǤͻͷ     
ܣ௕ ൌ ͳ݉ଶ 
݇௕ ൌ Ͷͻݓሺ݇Ǥ݉ሻିଵ 
ߜ௕ ൌ ͲǤͲͲͳͷ݉ 
 
ߙ௪ ൌ ͲǤ͵ 
ߝ௪ ൌ ͲǤͻ͸ 
݀௪ ൌ ͲǤͲͳ݉ 
߬௪ ൌ ͲǤ͵͸ െ ͲǤͲͺሺߜ௪ሻ[3] 
݇௜ ൌ ͲǤͲͶͷݓሺ݇݉ሻିଵ 
ߜ௜ ൌ ͲǤͲͷ݉ 
ߝ௜ ൌ ͲǤͳͳ 
 
 
Table 1. Thermophysical and configuration parameters of collector 
 
 
4. Results and discussion 
 
     Fraction of the solar radiation reflected by the internal and external reflectors (II, EI) for three typical 
days of the year (spring equinox EP and summer and winter solstices SH, WH) as we can respectively 
note it on figures 2 and 3, is considerable for the winter period compared to spring at the summer. What 
can be explained by the angular height of the sun in the winter which is lower than in spring and the 
summer [11]. Moreover we notice that it  radiation  reflected is significant between 9h to 15h for  HS and 
EP and between 11h to 13h for  SE.  By consequence the fraction of the quantity of energy absorptive by 
the brine and the basin decreases by the winter at the summer.  The temporal evolution of the total, direct 
and diffuse solar radiation for a horizontal surface and the radiation reflected by the reflectors for the 
spring equinox are illustrated by figure 4 which shows that the effect of the external reflector RE is more 
significant than that of the intern reflector IR.        
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Time variation of: global, direct, diffuse and 
reflected solar radiation on a spring equinox day. 
 
Fig.2 Time variation of EI for three typical days  
 
Fig.3 Time variation of II for three typical days  
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The daily productivity ( ௗܲ) of the active still with internal and external reflectors (DAIE), of the active 
still with intern reflector (DAI), of the still active with external reflector (DAE) and of the active distiller 
without reflector (DASR) represented in figure 5. The daily productivity of DASR, DAI, DAE and DAIE 
are respectively 4.65, 5. 2, 5.8, and  6,53kg  is an increase of about  11,84 % for DAI, of  25,28 % for 
DAE and  40,33 % for DAIE compared to the production of  the DASR.   Figure 6 representative the 
production of the four systems for the three typical days shows clearly that the effect of the reflectors is 
much more significant in  the winter  (of the order 72,8 %) , in  spring  (40,33 % ) and  ( 7,54 %) in 
summer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
To improve the night production, the use of a thermal storage tank is a possible solution. The production 
of the still is closely related to the temperature variation between the glass and the water [2]. The food of 
the distiller by the hot water stored in the tank for the night period where the ambient temperature is low 
gives a significant variation in temperature which leading to an increase in the production.  
The still is fed by the hot water of the tank when the temperature of the water in still is lower than that of 
the tank. In figure 7 the production of the active still is compared with that of the active still coupled with 
the storage tank for the night period for the vernal equinox and a flow mass rate of food ݉௧ሶ  equal to 0.04 
kg/s. One observes an increase in daily production of about 21 %. This improvement is significant in 
winter period where the duration of the day is on average 10 and 12 hours, the fourteen days when the 
solar radiation misses are regarded as night production and the increase is about 27.54%.  For the summer 
the increase is near equal to 23.28%. The use of the reflectors with tank (DAIET) increases the production 
of order to 38% for spring (figure 8). 
 
 
 
 
 
    
 
 
 
 
 
 
 
figure 9 is a comparison between the production of systems DA, DAR, DART for the three typical days 
of the year.      
 
 
Fig. 5 Time variation of daily productivity for 
four systems Fig. 6 Daily productivity for four systems on three typical days 
Fig. 7 Time variation of daily productivity for 
DA and DAT 
Fig. 8 Time variation of daily productivity for 
DAT and DART 
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5. Conclusion  
This study related to the numerical simulation of a solar active still improved by the use of reflectors 
(intern and external) and of a thermal storage tank for three typical days of the year.  The results of the 
study demonstrated the direct impact of the effect of the reflectors and the storage tank on the daily 
productivity of the still. It appears without ambiguity that the increase in the production resulting from the 
reflectors and much more significant in winter (72.8 %), and in spring (40.33 %) that in summer (7.54 %) 
the effect of the storage tank is also very significant in winter and summer. The daily productivity of the 
still coupled with the tank is about 27.54%, 21 % and 23.28%   respectively for the winter, spring and the 
summer. 
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Fig. 9 Daily productivity for four systems on 
three typical days 
